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REPORT 


OF  THE 


CANADIAN    OBSERVATIONS 


OF   THE 


TRANSIT  OF  VENUS. 


6th  DECEMBER,   1882. 


OBSKRVATOfiY,  TORONTO, 

13th  May,  1833. 
To  TH.   Hon.  A.  W.  McLelan, 

Minister  of  Marine  and  Fisheries, 

Ottawa. 


Sir, 


t.i£hi  :.;Jlu-  ^v;' -,-+,-1 


I  have  the  honor  to  ropox-t  in  reference  to  the  preparation  for,  and  results  of 
the  observations  in  Canaiia  of  the  Transit  of  Venus  of  6th  Doc,  1882. 

Having,  in  the  spring  of  last  year,  had  the  honor  to  be  entrusted  by  the  Gove.pn- 
ment  with  the  general  arrangements,  in  Canada,  for  observing  the  transit,  and  with 
procuring  the  necessary  instrumental  equipment,  I  instructed  Lieut.  Gordon,  R  N., 
to  proceed  to  England,  and  purchase  various  instruments,  and  to  take  the  opportunity 
of  visiting  Oxford,  to  ascertain  the  exact  way  in  which  the  English  observers  were 
being  trained,  and  if  possible  himself  to  obtain  some  instruction.  I  also  requested 
him  to  endeavour  to  obtain  a  practice  model  for  use  in  Canada,  as  the  time  was  very 
short  for  having  anything  made.  In  carrying  out  these  instructions  he  was  fortunate 
enough  to  be  successful  in  every  particular ;  ho  also  obtained  from  the  Admiralty 
the  loan  of  four  Chronometers. 

Early  in  September  the  model  was  erected  at  McGill  University,  Montreal,  and 
Dr.  Jack,  President  of  the  New  Brunswick  University,  Professors  Johnson  and 
McLeod,  of  McGill  University,  and  Mr.  Chandler,  practised  with  me  in  taking  observ- 
ations of  the  contacts  on  the  model.  Il  is  unnecessary  to  enter  into  any  details  of  this 
practice;  I  may,  however,  state  that  Professor  McLeod  who  was  the  only  one  of  the 
party  who  succeeded  in  obtaining  observations  of  the  actual  transit,  nearly  always 
agreed  with  myself,  within  half  a  second,  in  the  time  ho  assigned  to  the  contacts; 
except  when  the  circumstances  of  observation  were  very  unfavourable  owing  to 
tremor  from  passing  vehicles,  or  when  sudden  changes  in  the  illumination  occurred, 
which  sometimes  happened  when  the  mirror  in  connection  with  the  model  was  used. 

After  leaving  Montreal,  I  visited  Quebec,  Frederictoa,  and  Kingston,  and  on  my 
retvirn  to  Toronto,  ordered  such  small  additional  appliances  as  were  necessary  to 
oomplete  the  equipment  of  these  observatories  for  the  purpose  of  the  transit, 
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TTnlon  Telegraph  Companies,  for  an  exchat  pe  of  time  signals,  the  observers  at 
Halifax,  Frodoricton,  and  also  at  Montreal,  e<(  hanged  time  with  Liout.  Gordon  at 
tiuoboc  ;  and  Quebec,  Montreal  and  all  pointH  in  Ontario,  with  myself  at  Toronto,  w© 
had  iImih  on  the  ni^lit  botoie  the  Transit,  acont|)leto  interchange  between  all  stations, 
with  tbo  exception  of  Wini'iju'g ;  and  it  wos  further  arranged  that  tboso  stations, 
whore  obi^orvationH  were  K-ocurod,  should  come  on  again  for  a  Hocond  interchange  on 
the  night  after  the  Tianhit,  and  accordingly,  on  the  night  of  the  6th  I  again  ex- 
changed time  with  Cobourg,  Belleville,  Kingaton  and  Oitawa,  and  also  with  Montreal, 
Prof.  McLeod  also  made  a  determination  of  the  longitude  of  his  station  at  Winnipeg, 
by  exchange  of  time  Hignals  with  Prof.  Hough  of  the  "Dearborn"  Observatory, 
Chicago,  the  Telogrnph  Coni])anioB  both  in  the  United  StatOH,  and  Canada  placing 
the  wires  at  our  dispohol  for  tho  exchange  of  those  signals  without  making  any 
charge. 

On  tho  day  of  tho  Transit,  tho  stations  at  whieh  contacts  were  secured  wore: — 

Winnipeg. — Tho  two  lawt  contacts. 

CoBOURQ. — Third  contact,  atmosphere,  howovor,  very  unsteady. 

Belleville. — Third  contact,  imperfect. 

Kingston. — Tho  second,  third  and  fourth  contacts. 

Ottawa. — Tho  second,  third  and  fourth  contauts. 

Before  proceeding  to  the  Reports  of  the  various  observers,  it  will  be  well  to  con- 
sider the  errors  of  tho  Time-pieces  employed.  At  all  the  stations,  with  tho  exception 
of  Winnipeg,  tho  times  may  do  indirectly  compared  with  the  Toronto  Clock,  there 
having,  as  already  stated,  been  an  intorchango  both  on  the  night  preceding,  and  on  the 
night  following  tho  Transit. 

T  have  taken  great  pains  to  ascertain,  as  closely  as  I  could,  what  were  the  errors 
of  the  Toronto  Sidereal  Clock  on  the  two  nights  in  question.  In  doing  this  I  have 
met  with  unexpected  difficulties,  on  examining  the  rates  for  the  last  eighteen  years, 
during  which  no  change  has  been  made  in  tho  adjustment  of  the  Clock,  I  find  that 
the  mean  daily  rates  for  the  various  months  were  as  shown  in  the  following  table  :— 

TABLE 

Shewing  Mean  of  Daily  Sates  of  Sidereal  Clock  in  each  Month,  obtained  from  18  years 

observations. 


MONTH. 


Mean  Rate. 


Mean 
Pressure. 


Mean 
Temperature. 


Rate, 

4  0  0162  r. 


January. . 
February 
March .... 

April 

May  .  ..  . 

June 

July 

August  .... 
Ccptomber, 
Ootobor  ... 
November, 
December . 


-2-4KJ1 
1-8020 
1-7496 
2-0637 
2-8917 
3f)120 
3-0177 
3  8571 
3  fi901 
3-5706 
3-3850 
28320 


29-661 
•646 
•614 


21-837 
22-891 
28  380 


-2  0668 
1-6212 
!• 


•567 

40  719 

i-mi 

•676 

52-581 

20300 

•570 

62  665 

2 -6277 

-579 

68  677 

2  8051 

•615 

67-i;67 

2-7708 

•671 

59-547 

2-7254 

•0!9 

47  236 

28054 

•6X5 

34  840 

2-7706 

641 

25  407 

2-4204 
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The  figures  show  that  the  Clock  Is  under  componsfttod  for  tomporatnre ;  but  tb# 
larger  portion  of  tho  variation  in  Hate,  Uooh  not  mouiu  tu  bo  duu  to  dillbrtiiicoM  of  tooipor* 
aturo.  If  wo  tal<o  tho  roHidual  tomporaturo  corrooticm  m  '0102  T,  tho  ratoH  for  the 
months  of  July,  Aug.  Sept.  Oct.  and  Nov.,  arc  brought  into  ovory  closo  agroomont, 
the  losing  rate  thon  rapidly  diminishes,  and  roauhos  its  minimum  in  March,  ailor 
which  time  it  again  rittos,  the  rutus  as  at  temperature  zero,  with  tho  correction 
•0162  T,  applied,  are  shown  in  column  five  of  tliu  Table. 

Tho  onlv  way  in  which  I  can  account  for  this,  is  by  supporting  that  there  must 
be  a  periodic  shifting  of  tho  foundations  of  tho  Clock,  which  attocts  its  rate.  This 
supposition  will  perfectly  account  for  tho  minimum  occurring  in  March,  when  the 
amount  of  frost  in  th«  ground  has  reached  its  maximum.  Tho  rapidity  with  which  tho 
changes  take  place,  varies  a  good  deal  from  your  to  yoar,  and  at  tho  beginning  of 
December  last,  seems  to  have  been  unusually  riipid.  In  obtaining  the  errors  at  various 
times,  I  havo  assumed,  as  being  in  close  agreement  with  the  observationr.',  that  the 
losing  rate  was  diminishing  at  tliis  time  by  '07,  of  a  second  per  day,  independently 
of  tlie  Temperature  residual  of -0162  T.  Tho  adopted  errors  of  the  Clock,  when  it 
showed  12  nours,  on  the  different  days,  wore  accordingly,  as  follows : 
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8. 

Nov.  28 

6      16 

50-88 

3-28 

"    29 

64-16 

3-20 

«     30 

67-36 

3-16 

Dec.    1 

60-61 

3-13 

"       2 

63-64 

3-02 

«       3 

66-66 

2  91 

«       4 

69-57 

2-89 

"       6 

72-46 

2-86 

«       6 

75-32 

2-76 

u        7 

78-08 

2-61 

"       8 

80-69 

2-48 

In  taking  the  Transits  for  time,  tho  colUmation  error  was  obtained  by  reflection 
from  mercury,  the  level  error  was  determined  frequently,  but  I  have  been  compelled 
to  aBsumo  a  uniform  Azimuth  error  from  tho  29th  of  November  to  the  8th  of  Decem- 
ber, as  the  weather  was  such  that  it  was  impossible  to  obtain  satisfactory  observations 
for  determining  the  error  of  Azimuth  between  these  dates,  the  agreement,  however, 
between  the  ejTors  obtained,  from  stars  of  different  Declinations,  was  such,  as 
showed,  that  any  residual  eri*or  was  small  as  compared  with  the  uncertainty  of  the 
Clock. 
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•12 

-1  05 

• 

Pesasl 

10    21      5  94 

21 

38 

20-40 

20  52 

•14 

-  -68 

♦  Three  wires  only. 

The  large  diacordance  between  the  observed  and  calcuhitod  errors  on  tho  Tth, 
I  ascribe  to  the  rapid  fall  of  temperature  when  the  «lit  of  tho  transit  room  was 
opened,  tho  thin  rod  of  the  pendulum  taking  up  the  tomperaturo  of  tho  air  much 
faster  than  the  large  mass  of  mercury  in  the  bob. 

In  the  interchange  of  time,  Chronometer,  KussoU  &  Son's  No.  YjOSO  was  em- 
ployed, and  the  following  errors  were  obtained  by  comparison,  by  the  method  of 
simultaneous  beat  between  it  and  the  Sidereal  Clock  : — 


h. 


m. 


s. 


s. 


.  4th 

4 

1 

1325 

Slow    26-39 

&th 

22 

35 

24- 

26-99 

6th 

4 

55 

35-25 

27-04 

6th 

20 

30 

25- 

26-58 

6th 

4 

50 

45- 

26-38 

6th 

10 

8 

45-5 

26-24 

tth 

5 

10 

55- 

26-27 

7th 

22 

26 

47-5 

27-10 

13th 

21 

47 

24- 

31-56 

15th 

1 

5 

47- 

31-08 
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From  thoso  (  hftvo  tfikon,  ah  tho  orrorn  at  the  tlmo«  at  which  tho  Intorchnngo  of 
tlrao  look  |<laco,  iho  fullowinj,' :-— 


Doo. 


nil) 

(ilh 


tliroM/^hout 
7  h. 
8 
9 
10 


hIow 


2704 
2(i'.<2 
20*30 
26,27 
26-24 


In  HiKnnllinf?  tho  timo  on  tlio  nif,'ht  of  tho  fitli,  tho  timo  signalled  as  an  oxaot 
minutu  was  tlm  ;{3  Hocotuh  hy  llio  (JInDnoinotKr,  on  Llio  tu^Ul  ot'  tho  <Jtli,  Iho  Hocomi 
Hi^nalloii  waH  tliu  34.  Tho  i-olurn  Hii^iialH  fVoin  all  HtatiotiH,  oxoupt  Kingnton,  wore 
mado  by  hand  oithor  from  Olock  or  Chroiiotiiotor,  iind  woro  ostiinalod  at  Toronto,  by 
oar.  At  IvingMton  tho  Toronto  signalu  woro  taken  il<»wn  on  achronoi^raph  oonHtructod 
by  Prof.  DupuiH,  and  tho  roliirn  Hi^rialH  woro  in  ado  by  tho  liin^Klon  clock,  which 
was  placed  in  circuit  ho  oh  to  boat  every  Hocond  oxcopt  that  at  the  exact  minuto. 

Tho  following'  HhowH  tho  roHults  of  tho  comj)aris()n  on  tho  two  nights : — 

Docoinbor  5th, — Toronto  ond  Kingston. 

Toronto  Konding. 
T.  11  16  35-00        K.   11  39  20S7 


J7-01 


11  17    0-04 


43-25 

11  28  37-62 
11  17     0  04 

11  37-58 


Kingston  sending. 

K.  11  46     0-  T.  11  33  12-30 

43-27  27-04 


11  45 
Jl  33 


10-73 
3;t-34 


11  37-39 


33  39-34 


Do^ 


Chr| 
on 


;  t 


December  6th, — Toronto  and  Kingston. 


T.    9  28  34-00 
26-26 

1)  29     0-26 


K.    9  41  2300 
45-26 


9  40  37-74 
9  29     0-26 

11  37-48 


K.    9  67    0-00 
45-28 


9  50  14-72 
9  44  37-44 


11  37-28 


T.     9  44  11-20 
26-24 

9  44  37-41 


m.     B.  m.    s. 

Mean  difference  on  5th,  11  37-48    On  6th,  11  37-38 

December  5th, — Toronto,  Ottawa. 


T.  10    4  23-00 
27-04 

10    5    0-04 


O.    9  52  35-60 
27  11-21 

10  19  46-71 
10    5     0.04 


14  46  67 


0.    9  68  12-09 
27  11-23 

10  25  11-23 
10  10  24-34 

14  46-89 


T.  10  9  67-30 
27  04 

10  10  24-34 


I 
♦ 


i 


mm^ 


fTVJiKf^'^'^'' 


itorchango  of 


t)oromiHM'  flth.—Toronto  nti'l  Otiuwa. 

T.    1)  29    400        O.    !»  17     Ifto 
26-20  27  1(1-27 


D  2U  30-26 


J)  4i  17  77 
9  Ji9  HO  2i> 

11  47-Sl 


U     9  40  3(»-00 

27  i»;3i 

10    7  4<i:U 
9  62  RH<!4 

14  47-«57 


T.    9  52  32-40 
20-24 

9  42  r)H-64 


iH  an  oxftct 
,  t,ho  Hccond 
iifMton,  woi-o 
Toronto,  by 
conHtriictod 
lock,  which 
minuto. 


i  12-30 
2704 

1  39-34 


11-20 
26-24 

37-41 


Oil  tho  night  of  tho  6th,  tho  corapariHon  with  CoImhit^'  g'lvo,  as  tiio  orror  of  the 
Chronometer  at  Cobour^,  on  Toronto  mean  tlnio  fast,  2  m.  27'  3  8.  at  14  hourn ;  and 
on  tho  night  of  tho  «th,  ut  9  20  fust,  2  m.  29-  2  m. 

Tho  longitudo  of  Toronto  has  (jHiiiilly  boon  taken  an  6  h.  17  m.  33-49  sec.  W. 
This  result  wuh  obuiinod  by  an  intia-cliHrigo  of  timo  botwoen  (Jiu^bco  and  Toronto  in 
January,  1  "^57.  Some  rocont  inti>rchaiigos  ot  time  liavo,  bowovor,  led  mo  to  infer 
that  it  may  bo  Homowhat  too  smull.  Arrangomonts  hnvo  now  boon  made  to  cuniioct 
Montreal  Observatory  with  Cambridge,  and  an  inlor(;bango  wdl  bo  made  ut  tlio  same 
timo  between  Montreal  and  Toronto,  tho  result  of  which  I  will  furnidh  in  a  uupplu* 
mentary  report, 

1  At  Ottawa,  the  chronomotor  which  wns  employed  was  unfortunately  subjected 
to  a  verv  great  range  of  temperature,  i  have  ostimatod  as  closely  as  I  could,  from 
Meteoi-ologioul  observations  in  Ottawa,  tho  approximate  tompoiuturo  ol  tho  chro- 
noraotor  during  various  pericMis,  from  one  set  ot'(»bsorvations  taken  there,  to  another, 
and  tho  tomporat  u-o  when  within  the  Hotel  and  Tolegruph  OlHco  has  been  taken  at 
70°  fahr.,  an  estimate  rather  bolow  than  ubovo  liio  mark.  The  ruto  of  tho  chronom- 
ot'T  at  dillbront  tomperatures  was  taken  from  comparisons  made  in  Toro'"to,  one 
y  "iod  extending  trom  January  1st  to  li'obruary  lllb,  at  a  moan  tomperaturo  of 
29°.14,  and  u  Bocoiul  period  from  February  12lb  to  March  (jth.ut  u  moan  temperature 
of  69''.36.  The  daily  ruto  of  this  chronometer  ut  tompcnituro  29°. 14  was  found  to  bo 
7.892  sec.  per  duy,  and  at  temperature  59''.35 — l.(i_o  sec.  Ansuming  tho  change 
of  rate  with  temperature  to  bo  uniform  and  taking  tho  error  ut  1  i).  7  11.  65  M.  by 
ohro'iometor  as  26  m.  32.82  bog.  1  obtained  tho  following  lubular  errors  of  tho 
chronometer. 


Date, 


Error. 


i7-30 
1704 

4-34 


D. 

H. 

M. 

min. 

sec. 

1 

7 

65 

26 

32-82 

3 

9 

49 

53-38 

5 

8 

30 

27 

11-92 

5 

19 

30 

13-14 

5 

20 

30 

•45 

6 

2 

0 

15-15 

6 

8 

30 

17-29 

7 

3 

0 

19-34 

7 

4 

44 

20-01 

The  orror  given  by  this  table  at  7  d.  4  h.  44  m.  oxcoodod  that  obtained  by  obser- 
mtion  by  1.28  sees.  Dividing  this  change  uniformly  over  the  period  from  tho  first 
Dbservation  we  should  have  errors  and  rates  as  follows  ;— 


^mm 


frirfflijif 


UL_. 


Date. 

D.  H.  M. 

1    7  66 

3    9  49 

6    8  30 

5  19  30 

6  20  3it 
6     2  00 

6  8     30 

7  3      0 
7     4    44 


a 


Mean  Temp.        Hourly  Batd. 


18-66 
16-33 
70-00 
32-00 
33-00 
29.00 
70-00 
18-00 


•4029 
-3H81 
•1017 
•3046 
•2991 
.3205 
•1017 
-3792 


Dn^«. 


26  32-82 

26  52-92 
28  11^04 

27  12^16 

26  1?^46 

27  14-11 
27  16-19 
27  18*09 
27  18-73 


Sil 


0 


»i 


If 


This  corrected  table  gives  the  error  at  3  d.  9  h.  49  ra.  within  0-1  sec.  of  the 
observod  error.  In  the  above  exchanges  of  time  between  Ottawa  and  Toronto,  there 
is,  however,  a  discrepancy  between  the  mean  of  the  results  on  the  two  nights  of 
0-81  see.  Assuming  that  the  change  was  due  to  a  uniform  error  in  the  assumed  rate 
of  chronometer  1762,  we  find  for  the  errors  on  Toronto  Mean  time  at  the  times  of 
contact 

1752,  slow  of  T.  M.  T.  at  2rid  contact  12    25-43 
«  3rd        "         12    26  87 

«  4th        "        12    26-95 

In  the  exchange  with  Kingston  taking  the  clock  times  as  ohown  by  the  ohrono* 
graph,  and  allowing,  as  in  the  case  of  Ottawa,  for  the  diflferenco  between  the  errors 
at  the  time  of  exchange,  we  get  as  errors  of  the  King8tx)n  clock  on  Toronto  Mean 
time,  at  the  time  ot  the  several      ntacts,  as  follows : — 


2nd  Contact 

12 

21-68 

Clock  fast. 

3rd        " 

12 

2203 

« 

4th        " 

12 

22-08 

(( 

The  clock  times  of  the  contacts  as  measured  from  the  Chronograph  slips,  with 
the  corresponing  Toronto  mean  times  were  as  follows  : — 


Clock. 

Ingress.  h.  m.     s. 

Internal  contact,  second  described  phase  9  19  46-25 

Egress, 

Internal  contact,  first  "  "  2  42  63-20 

second        "  «  li  48  12-54 

External  contact  3    3  43-16 


T.  M.  T. 

h.  m.     s» 
9    7  24-67 


2  30  31-17 
2  30  60-51 
2  51  21-07 


Cobourg  had  no  transit  instrument,  and  the  time  therefore  depends  entirely  upon 
the  exchange  of  signals  by  telegraph,  interpolating  we  get  for  this  error  at  the  time 
contact  was  observed : — 

Chronometer  fast  on  Toronto  mean  time  2  min.  28-53  sec. 

I  append  hereto  the  reports  of  the  individual  observers  at  the  several  stations 
where  observations  were  obtained,  except  that  from  the  station  at  Belleville,  where, 
owing  to  atmospheric  disturbance  and  other  cause.^,  the  observation  was  not  suf- 
ficiently accurate  to  be  of  value. 

I  have  forwarded  copies  of  this  report  to  the  Koyal  Society  of  Canada  and  to  the 
Xloyal  Astronomical  Society  of  Great  Britain.    All  of  which  is  respectfully  submitted. 

CHAKLES  CAEPMABL, 
Su]^erintendent  Meteorological  Service  of  Canada, 
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TOBONTO,  I6th  Deoembbh,  1881 


82 
92 
04 
16 
46 
11 
19 
09 
73 
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Charlm  Carpmaef-,  FiSQ.,  M.A..  P.R.A.S.,  F.RS.C, 

Suporintondont  of  tho  Ti-ansit  of  Yonus  Observations 
For  tho  Government  of  Canada. 
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I  of  Canada, 


Sir, 

W         I  have  tho  honor  to  report  on  tho  observations  of  tho  Transit  of  Vonus  taken  at 
Ottawa,  as  follows : — 

I  was  assisted  in  those  observations  by  Mr.  B.  C.  Webber,  of  the  Meteorological 
Service,  and  the  following  instrumonts  wore  used  : — A  four-inch  Achromatic  Tele- 
scope, altazimuth  mounting,  a  Transit  instrument  by  Messrs,  Troughton  and  Simme, 
2 J  in.  O.G.,  and  Chronometer,  Frodsham,  1752. 

The  temporary  observatory  was  erected  on  Nopean  Point,  in  Lat.  45°  26  N., 
and  Long.  5  h.  2  m.  48  sec.  W.,  approximate  geographical  positions. 

On  the  evening  of  the  5th  exchanged  time  with  the  Toronto  Observatory,  the 
weather  being  very  cloudy  and  threatening  to  snow.  The  morning  of  the  6th  broke 
with  dense  clouds  at  low  elevation  with  no  immediate  prospect  of  breaking.  Soon 
after  8  o'clock  signs  of  clouds  dispereing  in  S.E.,  8,15  by  chronometer,  sun  shone  out 
brilliantly.  Sighted  on  the  sun,  and  focussed  on  sun  spots  at  8.24 ;  rice  grains  on 
Bun  just  discernible.  Definition  of  telescope  very  fine.  At  first  external  contact 
atmosphere  rather  hazy.  Time  of  first  external  contact  8  h.  34  m.  45  sec.  by  chrono- 
meter 1752,  Frodsham.  This  time  is  not  to  be  depended  on,  as  my  attention  was 
called  away  just  at  moment  o^  contact,  and  had  to  estimate,  the  notch  being  formed 
on  the  sun  when  I  again  put  my  eye  to  the  telescope.  I  do  not  think  it  can  be  more 
than  five  or  six  seconds  out  at  the  most.  At  no  time  could  I  detect  any  portion  of 
the  planet  that  was  off  the  sun.  The  portion  on  the  sun  was  very  black.  Towards 
internal  contact  clouds  began  to  pa^s  over  the  sun,  hiding  it  completely  at  times. 
Just  before  internal  contact,  caught  a  glimpse  of  the  sun  through  a  break  in  the 
clouds,  which  lasted  long  enough  to  catch  the  contact.  No  black  drop  observed. 
Bright  cusps  of  sun  met  at  8  h.  54  m.  61  sec.  The  sun  became  obscured  8  h.  55  m. 
08  sec,  during  which  interval  of  17  seconds  the  band  of  light  between  the  limbs  of 
Venus  and  the  sun,  broadened  considerably.  The  time  8  h.  54  m.  51  sec.  was  last 
time  of  appearance  of  discontinuity  in  the  illumination  of  apparent  limb  of  sun.  Sun 
re-appeared  at  9  h.  11  m.  with  prospects  of  fine  afternoon.  For  an  hour,  with  the 
exception  of  the  time  occupied  in  the  passage  of  a  few  fleecy  clouds  over  the  sun,  the 
planet  was  observed.  No  markings  of  any  kind  could  be  distingnished  on  its  surface, 
which  appeared  intensly  black  in  comparison  with  the  bright  face  of  the  sun. 
Clouds  again  gathered  thickly  and  snow  began  to  fall.  Snow  storm  continued  with- 
out intermission  up  till  2  h.  5  m.,  when  clouds  began  to  clear  off  in  the  south-west. 
At  2  h.  12  m.  the  sky  was  perfectly  clear  m  south  and  west  and  the  sun  began  to 
peep  out,  when  Venus  waa  observed  approaching  internal  contact  at  egress,  being 
then  about  half  its  own  diameter  from  limb  of  sun.  Mr.  Webber  commenced  to 
count  at  2  h.  16  m.  At  2  h.  17  m.  19  sec.  slight  fading  in  light  waf;  observed  near 
point  of  contact,  which  gradually  increased  until  2  h.  18  m.,  when  contact  was 
observed  by  first  appearance  of  blackness  like  that  of  the  planet,  and  the  bright 
cusps  began  to  recede.  No  black  drop  or  distortion  of  the  limb  of  Venus  was 
observed,  although  the  edge  of  the  sun  was  boiling  just  a  little.  I  used  an  illumina- 
tion about  midway  between  total  darkness  and  brightness  that  the  eye  could  just 
bear.  When  tho  planet  was  half  way  off  the  sun,  I  thought  I  could  faintly  discern 
the  limb  of  the  planet,  but  could  not  be  sure  of  it.  Between  intornal  and  external  con- 
tacts nothing  unusual  was  observed.  At  2  h.  38  m.  12  sec,  the  dark  body  of  the 
planet  left  the  sun,  although  a  faint  shading  of  the  limb  of  sun  near  point  of  contact 
till  2  h,  38  m.  31  sec.  was  observed,  when  nothing  unusual  in  the  illumination  of 
Umb  of  sun  was  observed  after  that  time.    For  about  an  hour  after  external  contact 
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at  ogress  the  Ban  fibono  brilliantly,  wbon  clouds  again  arose  and  the  BUn  Was 
ehrouded  from  Bight  for  the  rest  of  tlio  day.  I  again  exchanged  time  with  the 
Toronto  Observatory  on  the  evening  of  Iho  day  of  transit.  A  set  of  transits  wore 
taken  at  the  observatory  at  Nopean  J'oint  on  December  1st  and  7th  by  Captain  E. 
Devil le,  Chief  Inspector  of  Surveys,  and  on  the  3rd  December  by  myself.  These  were 
the  only  time  transits  taken  owing  to  unfavorable  weather.  The  chronometer 
No.  1752  Frodflham  was  taken  from  the  hotel  to  the  Observatory  on  the  Ist  Decem- 
ber, and  left  there  till  the  evening  of  the  5th,  when  it  was  taken  to  the  telegraph 
ofHce  to  exchange  tinio ;  it  was  ailerwards  taken  to  the  hotel  and  put  in  the  safe  till 
morning  of  the  6tb,  when  it  was  taken  to  the  fbsorvatory  and  left  there  all  day 
until  evening,  when  it  was  again  taken  to  the  telegraph  office,  time  compared,  anil  then 
back  to  hotel  safe;  from  there  it  was  taken  to  the  observatory  on  the  evening  of  the 
7th  December,  for  timing  transits.  It  was  exposed  to  a  good  deal  of  variation  in 
temperature,  from  70^  at  the  hotel  on  the  7th  to  5°  or  6°  below  zero,  on  Nopean 
Point  Observatorj' ;  the  temperature  on  the  Gth  was  a  little  below  the  freezing  point. 
Captain  Deville  compared  my  chronometer  with  Mr.  Lindsay  Russell's,  who  took  the 
last  two  contacts  at  his  own  house.  His  chronometer  was  keeping  sidereal  time, 
and  the  following  wjis  the  result  of  the  comparison  : 

Dent 2071,  =2Ui'-    .^4'"-   -lOsecs. 

Frodaham 1752,=   3i'-    Ol"!-   3t'5sec.'<. 

Dent 2071,=  20ii-    37'n-   458p«8. 

Frodaham 1752,=    S^.    04«>-   39sec8. 

Temperatures  at  Ottawa  during  early  part  of  Dr.cEMnEu,  1882. 


December  1st 
"  2nd 
"  8rd 
"  4tli 
"  5th 
"  eth 
7th 
8th 


6.59  A. 
28.3 

1  P.M. 

9  P.  M. 

Mean. 

■  Max. 

31.8 

Mln. 

81.6 

19  2 

26.. 33 

18.1 

172 

20.2 

14.1 

17  17 

19  9 

13  6 

9.0 

10  6 

4.2 

7.93 

13  9 

4  1 

-    49 

8.1 

14.1 

5.77 

14  1 

-    68 

30.3 

85.2 

30. 1 

31.87 

36  2 

i;J9 

31.3 

84  2 

22.2 

29.23 

•  t  •       .   . 

21  5 

29.9 

22.6 

5.1 

19.17 

29  6 

4  8 

—    2  9 

5.1 

0.1 

077 

6.9 

-    2.9 

The  mean  here 
Is  the  aotual 
mean  of  the 
three  obser- 
vations. 


Your  obedient  servant, 

(Signed),  F.  L.  Blake,  D.  L.  S. 

COBOXJEG,  January,  1883. 
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Charles  Carpmael,  Esq.,  M.A.,  F.R.A.S.,  F.R.S.C, 

Meteorological  Observatory,  Toronto. 

Sm, 

I  have  the  honor  to  make  the  following  report  of  the  observations  of  the  Transit 
of  Venus  which  I,  assisted  by  Drs.  Haanel  and  Coleman,  was  enabled  to  make:  — 

The  sky  in  the  early  part  of  the  morning  of  December  6th,  1882,  was  clear 
enough  to  justify  the  most  sanguine  expectations  of  getting  good  observations  of  at 
least  the  first  contacts,  but  a  few  minutes  before  8  a.m.  dense  masses  of  clouds  began 
to  rise  in  the  northwest,  and  by  ten  minutes  past  8  the  whole  heavens  with  the  excep- 
tion of  a  small  area  in  the  northeast  and  east  were  covered,  completely  shutting  out 
the  Bun  from  view.  These  clouds  did  not  break  away  till  long  after  external  and 
internal  contact  at  ingress  were  passed. 
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About  10.30  a.m.  rifta  in  the  cloads  appeared  and  shortly  before  eleven  a  clear 
view  of  the  planet  on  the  sun's  disc  was  obtained.  The  accompanying  colored 
diagram  N(j.  1,  affords  a  very  accurate  idea  of  the  appearance  presented  by  the  planet 
at  that  time  and  during  the  following  two  hours  and  three  quarters.  The  disc  of  the 
planet  ospyt'iull}'  towards  its  circumference  presented  a  purplish  hue  while  the  centre 
had  a  faint  light  spot  slightly  tinged  with  a  pale  slaty  green.  Had  photographic 
,1  apparatus  been  furninhed  several  impressions  might  have  boon  taken  very  success- 
fully from  11  a.m.  till  nearly  2  p.m. 

Shortly  before  two  tho  atmosphere  which  had  been  comparatively  steady  began 
to  be  disturbed  and  rapidly  became  worse  while  flying  clouds  now  anc  again  swept 
across  tho  liico  of  the  sun.  Before  tho  time  of  internal  contact  at  egress  tho  boiling 
of  the  atmosphere  was  such  as  to  render  observations  very  unsatisfactory.  The  limbs 
of  sun  and  planet  appeared  to  spin.  The  limb  of  the  sun  at  which  contact  was  about 
•  to  take  place  soomod  to  consist  of  filaments  of  light,  each  revolving  swiftly  in  a  small 
spiral. 

Internal  contact  at  egress  appeared  to  take  place  at  2  h.  33  ra.  27  sec.  by  tho 
chronometer  which  was  then  2  m.  29.5  sees,  fast  of  tho  time  at  the  Toronto  observa- 
,  tory.  Just  at  this  critical  time  a  cloud  swept  sun  and  planet  out  of  si^'ht,  and  when 
it  had  passed  a  small  area  of  the  planet's  limb  was  dccidodly  beyond  the  suns  limb, 
while  u  narrow  beautifully  distinct  white  line  of  light  surrounded  that  portion  of  the 
planet's  limb  which  was  boyond  tho  sun.  The  colorou  diagram  No.  2  represents  this 
line  of  light  when  about  half  the  planet's  disc  had  crossed  the  sun's  limb  and  it  faith- 
fully represents  tho  peculiar  appearance  presented  by  this  line  of  light  on  the  north 
western  portion  where  it  was  decidedly  broader  than  it  was  along  the  remaining  arc. 
This  peculiarity  was  noticed  by  each  of  the  throe  observers  v/ithout  his  attention 
being  called  to  it  by  the  others. 

Very  soon  after  the  planet  had  passed  tho  position  figured  in  this  diagram  No.  2, 
clouds  hid  the  sun  from  sight  and  prevented  any  observation  being  taken  of  the 
external  contact  at  egress.  The  telescope  used  was  a  4 J  inch  refractive  equatorially 
mounted,  and  made  by  Smith,  Beck  &  Beck,  London,  England.  Power  employed 
was  about  150. 

All  of  which  is  respectfully  submitted. 

Professor  Bain  further  says  in  his  letter,  dated  25th  January,  1883 : — 

I  have  the  honor  to  acknowledge  the  receipt  of  your  note  of  January  20th,  in 
which  you  ask  for  a  further  description  of  phenomena  seen  at  the  instant  of  time  at 
which  I  had  marked  down  the  words  "  ap.  contact." 

In  the  report  already  sent  I  refer  to  the  atmospheric  disturbance  which  grew 
worse  and  worse  till  all  vision  of  sun  and  planet  was  lost  under  the  flying  clouds. 

The  over  narrowing  bank  of  light  over  which  the  planet  was  slowly  moving  as 
it  approached  the  sun's  limb  was  heaving,  boiling,  and  apparently  spinning  in  manner 
described  in  previous  report,  other  than  this  nothing  peculiar  was  seen.  No  black 
drop  presented  itself,  no  distortion  of  tho  planet's  limb,  such  as  an  elongation  towards 
point  of  contact,  nor  till  after  part  of  tho  planet  was  beyond  sun's  disc  did  any  arc  of 
white  light  surround  any  part  of  the  planets  disc.  The  exact  instant  when  that 
beautiful  bright  white  arc  of  light  first  appeared,  I  know  not,  for  just  after  what 
seemed  to  be  contact  a  cloud  came  over,  and  when  it  was  passed  tho  arc  of  light  was 
there.     The  cloud  was  on  face  of  planet  and  sun  fully  five  seconds. 

It  was  impossible  to  take  a  point  North  and  another  South  of  the  point  at  which 
contact  was  about  lo  take  place,  and  note  when  the  illumination  of  tho  point  of  con- 
tact began  to  be  distinctly  less  than  that  of  the  points  chosen,  for  the  sun's  limb  was 
not  still  enough  to  admit  of  any  such  thing.  It  appeared  coiiStantly  to  heave  and 
surge. 
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With  this  oxception  the  planet  moved  steadily  towards  contact,  presenting  no 
phenomena  different  from  those  obsei'ved  at  any  earlier  stage.  The  ABODE  were 
bimply  remarks  made  at  the  telescope  while  the  observation  was  making;  the  exact 
words  used,  and  the  instant  at  which  each  phrase  was  spoken,  being  noted  by  the 
assistants.  This  plan  was  adopted,  thinking  that  if  any  marked  phenomenon  pro« 
sonted  itself  neai-  time  of  contact,  before  or  after,  the  exact  second  of  time  when 
observed  could  thus  be  noted,  but  nothing  in  addition  to  the  phenomena  already 
described  was  seen. 

In  giving  you  the  colors  of  the  disc  of  planet,  T  described  exactly  as  seen  in  our 
telescope;  of  course  the  purplish  hue  of  the  edge  would  at  unce  inform  you  that  our 
glasses  are  somewhat  over  corrected. 

I  forgot  to  mention  that  during  tht  dav  the  sun's  surface  was  mottled,  but  pre- 
sented no  well-marked  rice  grains — no  interlacing  willow  pattern. 

I  hope  I  have  been  able  to  make  clear  to  you  what  was  presented  to  our  view  on 
that  day,  from  11  a.m.  until  2  h.  33  in,  38  sec.  p.m.;  that  is,  all  phenomena  that  were 
seen,  and  the  order  in  which  and  time  at  which  they  were  seen. 

Again,  Professor  Bain  says,  on  February  21  st,  1883,  "  In  answer  to  your  note 
16th  inst.,  I  have  the  honor  to  reply  that '  ap  contact'  means  '  approaching  contact.'  " 
Dr.  Coleman  put  "  ap  "  down  in  the  harry,  but  "  approaching  "  was  the  word  used. 

Approximate  pnsition  of  observing  station  taken  from  United  States  Charts  of 
Lake  Ontario. 

Latitude  43°  57  N. 
Longitude  5  h.  12  m.  3*7*5  sees. 


TIME  NOTES 

INTERNAL  CONTACT  AT  EGRESS. 

A 

h. 
2 

m. 
32 

sec. 
44 

Atmosphere  very  unsteady. 

B 

II 

33 

5 

Approaching  contact. 

C 

X 

(1 

27 

Now. 

]) 

(I 

(( 

33 

Cloud. 

E 

n 

t( 

38 

Passed. 

Illumination  of  Atmosphere  of  Venus. 
Violent  boiling  of  Sun's  surface,  observations 
very  unsatisfactory. 

(Signed)        A.  R.  BAIN. 


REPORT  OP  THE  OBSKRVAl^IONS  OF  THE  TRANSIT  OF  VENUS  AT 
KINGSTON  OBSERVATORY,  CANADA,  6th  DECEMBER,  1882. 

We  had  so  far  the  advantage  in  preparing  for  the  transit  here  that  the  longitude 
of  the  ttite  of  the  former  observatory  building  had  been  previously  determined  by 
every  known  method,  continued  for  a  number  of  years,  as  well  as  by  telegraphic 
communication,  to  be  5h.  5m.  54.6  s.  W.^  with  a  probable  error  of  not  more  thim  two- 
tenths  of  a  second. 
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Its  latitude  had  been  no  loss  carefully  ascertained  by  a  series  of  observations  neat* 
utenith  stars,— particularly  B.  A.  C.  4841,  6400,  6013.  and  6731,— by  transit  with 
Attached  micrometer  in  the  prime  vertical,  to  be  44^  13'  21"  7  N. 

The  site  of  the  new  observatory  building  in  which  observations  began  to  be 
Ifckon  last  year  is  on  higher  ground,  and  u  little  furtlior  to  the  west,  and   the  necos- 

fry  triangulation  being  made  the  longitude  and  latitude  of  the  equatorial  pier  from 
hich  the  transit  was  viewed  wore  found  to  bo  5h.  5m.  5Gs.  4  W.,  and  44°  13'  25"  2  N. 
fespectivoly. 

The  now  Observatory  is  a  neat  frame  building,  containing,  besides  the  apart- 
Blent  for  the  observers,  the  transit  rooms  and  two  rooirjs  in  the  equatorial  tower,  and 
Ihe  arrangements  for  opening  and  closing  the  shutters,  and  revolving  the  dome,  act 
perfectly  both  in  winter  and  summer. 

The  instruments  in  the  Observatory  are  the  "  Beaufoy  transit,"  lent  by  the  Eoyal 
A8trono;iiical  Society,  and  a  small  poriablo  transit,  by  Simms,  both  in  excellent 
order,  in  the  tower ;  at  the  west  end  of  the  building  is  the  Equatorial,  by  A  Ivan 
6lark.  In  the  spare  room  below  is  presei'vod  an  interesting  specimen  of  one  of  the 
fest  telescopt^'^  of  the  middle  of  last  century,  a  reflecting  Gregorian  telescope  con- 
itructed  by  Shortt  in  1742,  with  7-inch  parabolic  reflector,  and  the  original  stand  for 
movements  in  altitude  and  azimuth. 

This  instrument  was  presented  to  the  Observatory  by  Principal  Leitch,  of  Queen's 
University.  There  are  also  mean  time  and  sidereal  clocks  with  excellent  escape- 
ments, and  compensation  pendulums  constructed  by  Professor  Dupuis. 

The  instruments  usually  employed  are  the  large  Beaufoy  transit  and  the  Equa- 
torial, and  were  those  made  use  of  in  connection  with  the  transit  of  Venus. 

The  Beaufoy  transit  has  an  object  glass  of  three  inches  clear  aperture  and  50 
inches  focus.  It  is  fitted  with  dew  cap,  with  5  vertical  and  2  horizontal  wires,  and  a 
■triding  level,  the  level  has  on  it  a  new  and  accurate  scale  of  divisions,  each  denoting 
one  second  of  arc;  the  axis  is  supported  on  two  pyramidal  stone  piers  resting  on  a 
broad  basis  of  the  same  material,  which  lies  upon  a  solid  mass  of  concrete  extend- 
ing deep  into  the  ground. 

The  Equatorial  has  a  6|>inch  object  glass  of  8  feet  focus,  and  at  the  end  next  the  eye 
was  fitted  with  a  solar  reflecting  prism  and  neutral  tint  glass  wedge;  the  eye  piece 
employed  in  viewing  the  transit  was  a  positive  one,  with  a  power  of  a  hundred  and 
twenty,  which  was  found  to  give  the  sharpest  and  best  defined  vision  of  the  limbs 
of  the  sun  and  planet. 

Besides  the  clocks  already  referred  to,  two  other  time  keepers  wei-e  available, 
and  the  times  of  contact  as  given  by  these  on  the  day  of  the  transit  were  alone 
employed.  The  one  was  a  half  second  M.  T.  chronometer,  number  2382,  by  Parkin- 
son and  Prodsham,  lent  by  the  British  Admiralty  for  the  use  of  Canadian  observers, 
and  the  other  a  very  perfect  M.  T.  clock  in  Prof.  Dupuis'  house,  with  compensation 
pendulum,  and  Denison's  gravity  escapement,  and  electrically  connected  both  with  a 
chronograph  there  and  with  the  Observatory.  Both  the  clock  and  chronograph  are 
of  Prof.  Dupuis'  construction,  the  rate  ot  the  clock  is  very  steady,  as  the  record  below 
shows: — 

Clock  Errors. 
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On  the  evening  of  the  8th  December  clock  signals  were  rooeived  fVom  Toronto 
an  followH,  and  registered  on  the  chronograph  : — Toronto  17  m. ;  Kingston  29  m. 
20  9  H.  ;  clock  error,  +  43-29  s.  And  also  on  the  evening  of  the  6th  as  under:— 
Toronto.  29  m.;  Kingwton,  41  m.  23  8.;  clock  error,  +  45-28  s.  On  tiio  evening  of 
the  6'th  at  9  h.  28  m.,  29  m.,  30  m.  and  31  m.  Toronto  M.T. 

The  corresponding  tiroes  by  Parkinson  and  Frodshara's  chronometer  at  the  King- 
ston Observatory  wore  9  h.  23  in.  Us.,  24  m.  Us,,  I'Sra.  Us.  and  2(>  m.  Us.,  tho 
chronometer  being  16  ra.  23*7  s.  slow  by  Obdcrvatory  time  and  havintr  a  daily  losinj: 
rate  of  3-77  s.  J  J  b  J  ^ 

The  dift*erence  between  the  moan  times  at  Toronto  and  Kingston,  thorofore, 
from  the  result  of  these  signal  exchanges  is  1 1  m.  37-7  s.  Each  second  for  four  minutes 
of  Kingston  moan  time  was  also  on  the  evening  of  6th  signalled  to  Toronto. 

•  Special  observations  were  made  for  the  determination  of  the  rates  of  the  chrono- 
nieter  and  clock  every  time  the  woathor  pormittod  for  upwards  of  two  weeks  before 
the  day  of  the  transit,  and  the  evening  of  the  6th  being  very  fine  advantage  was 
taken,  soon  after  the  transit  was  over,  of  observations  of  stars  for  ascertaining  tho 
Observatory  time,  and  the  rates  with  all  possible  precision,  and  of  completing  the 
examination  for  azimuth. 

In  tho  use  of  the  transit  for  time  the  Equatorial  thread  intervals  were  ascertained 
by  many  observations  of  the  principal  circumpolar  stars,  and  others  to  be : — 

Seconds. 

A.  M.  =  42  012 

B.  M.  =  20-938 

C.  M.  =    0-061 

D.  M.  =  20  873 

E.  M.  =  41-997 

The  error  of  pivots  is  -f  -02  s. 

The  level  constant  on  the  day  of  transit  was  — -03  sec,  and  the  coUimaticn 
—•08  sec,  the  azimuth  error  in  consequence  of  some  settling  of  the  piers  which  had 
been  suspected  since  the  last  adjustment  in  azimuth,  was  -|-  1'09  sec.  The  collima- 
tion  constant  had  been  ascertained  in  the  ordinary  way  by  observations  of  the  pole 
star  with  reversal,  and  that  of  azimuth  by  calculation  from  the  observed  times  of 
passage  of  high  and  low  stars. 

The  weather  for  a  week  before  the  transit  had  been  very  unfavorable,  and  we 
began  to  fear  that  our  preparations  would  prove  fruitless  after  all,  but  we  were 
agreeably  disappointed  by  the  6th  of  December  being  on  the  whole  a  fine  day,  par- 
ticularly so  in  the  afternoon.  The  early  morning  sky  was  overcast,  as  the  time  for 
the  commencement  of  the  transit  approached,  however,  it  became  clearer,  and  Pro- 
fessor Dupuis  and  I  repaired  to  our  posts,  while  Mr.  James  M.  Dupuis  was  at  hand  to 
render  very  useful  assistance  in  various  ways,  as  it  might  bo  necessary.  One  of  the 
passing  clouds  which  were  beginning  to  disperse  obscured  the  view  of  the  first 
external  contact,  and  the  planet  was  in  consequence  not  Been  until  it  had  partly 
entered  on  the  sun's  disc.  This  was  at  8  h.  45  m.  5  sec.  by  chronometer,  or  9  h.  0  m. 
26-76  sec.  Observatory  mean  time. 

At  8  h.  53  m.  by  chronometer,  or  9  h.  9  m.  21-8  sec.  K.O.M.T. — a  line  of  light 
appeared  round  tho  planet  on  the  side  away  from  the  sun,  and  apparently  brighter 
towards  the  southern  limb  of  tho  planet. 

The  clouds  had  now  passed  away,  and  approach  to  the  first  internal  contact  was 
noted  at  9  h.  1  m.  25  sec.  by  chronometer,  and  by  chronograph  connected  with  mean 
time  clock. 

The  fii-st  internal  contact  itself,  that  is,  when  the  limbs  of  the  sun  and  planet 
appeared  just  to  touch  each  other,  took  place  as  nearly  as  could  be  judged  at  9  h. 
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tm.  4i  80C.  by  oh  roni  meter,  or  Oh.  18  m.  .'i  81  sec.  Observatory  mean  time.  For  fl 
ttio  while  uftor,  tho  limlw  Hoomod  uliglitly  to  separate,  n  dark  shade  occupied  the 
ttrrow  interval  botwcon  them,  extending  a  little  way  on  each  side  of  tho  former 
)int8  oi' apparent  cot<<uct.  The  time  when  this  dark  .hade  began  to  break  away 
]d  diea})poar  occuiiod  at  0  h.  2  m.  40  hoc.  by  chronometer,  or  9  h.  19  ra.  1.81  sec. 
►bsorvatory  moan  lime.  This  I  regard  as  the  true  time  of  internal  contact  at  in- 
roHR.  There  wan  Htill  Home  romaininir  hazincHS  in  the  atmosphere,  but  as  tho  sky 
ran  bright  and  free  from  cloudn  at  tho  time,  both  of  thcHo  contacts  were  very 
lisliiKilly  Hoon.  Thoro  was  nothing  of  the  socalled  black  drop,  but  only  the  dark 
Ihado  til  ready  referred  to. 

Not  long  after  tho  last  contact  at  ingress,  clouds  began  again  to  spread  over  the 
iky,  and  continued  to  do  so  until  about  noon,  when  they  again  gradually  passed  off, 
fnd  from  about  12  h.30  m.  p.m.  to  tho  end  of  tho  transit,  as  well  as  throughout  the 
ffternoon  and  evening  tho  noavons  wore  i)erfectly  clear.  Tho  first  internal  contact 
At  ogress  took  place  at  2  h.  25  m.  '14.5  sec.  by  chronometer,  or  2  h.  42  m.  7*15  sec. 
Observatory  mean  time.  The  dark  hn/.o  seen  at  ingress  in  the  morning  began  at 
ttiis  time  to  be  again  observed  at  egrc.sn,  hut  the  interval  during  which  it  continued, 
and  discontinuity  was  noted,  was  much  shorter  than  in  tho  forenoon,  the  last  intOinai 
contact  at  egro.ss,  that  is,  when  tho  outlines  of  the  limbs  appeared  exactly  to  touch, 
occurred  at  2  h.  2(3  m.  4*5  sec.  by  chronometer,  or  2  h.  42  m.  iJ7'15sec.  by  Observatory 
meantime.  The  former  of  these  times  I  consider  the  true  mean  time  of  internal 
contact  at  ogress.  The  last  external  contact  took  place  at  2  h.  46  m,  36  sec.  by 
chronometer,  or  Observatory  mean  time  3  h.  2  m.  57'71  sec. 


(Signed) 
Kingston  Observatory,  30th  January,  1883. 


JAS.  WILLIAMSON, 
Dire(5tor  Kingston  Observatory, 
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McGiLL  College  Observatory, 

Montreal,  20th  December,  1882. 

Charles  Carpmael,  Esq.,  M.A.,  F.R.A.S.,  P.E.S.C., 

Superintendent  of  the  Transit  of  Venus  Observations 
For  the  Government  of  Canada. 

Dear  Sir, 

I  have  the  honor  to  make  the  following  report  on  the  Transit  of  Venus  Expedi 
tion  to  Winnipeg,  Manitoba. 

I  was  assisted  by  Mi'.  H.  V.  Payne,  Inspector  for  the  Meteorological  Office. 

In  accordance  with  your  instructions  I  remained  a  day  in  Chicago  in  order  to 
make  an-angements  for  transmitting  time  signals  between  Winnipeg  and  Chicago. 
Colonel  Clouiy,  Manager  for  the  Western  Union  Telegraph  Company  kindly  granted 
the  free  use  of  the  Company's  lines  for  this  purpose,  and  Profiessor  Hough,  of  the 
Dearborn  Observatory,  promised  his  co-operation. 

Wo  arrived  in  Winnipeg  on  Wednesday,  November  22nd,  and  were  received  by 
His  Lordship  the  JBishop  of  Bupert's  Land,  whose  guests  we  were  during  our  stay 
in  Winnipeg,  and  to  whose  thoughtful  assistance  we  owe  much.  The  pier  for  the 
transit  insti-ument  had,  under  the  direction  of  His  Lordship,  alroady  been  built  and 
arrangements  made  for  tho  erection  of  a  shelter,  which,  with  some  additions,  proved 
suitable  for  the  purpose  of  our  work. 

The  instruments  placed  under  my  care  were  a  four-inch  refracting,  alt-azimuth 
telescope ;  a  portable  transit  by  Messrs.  Troughton  and  Simms  and  two  mean  timiO 
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rlironomotorfl— 664  Tobias  and  fi52  Murray.  Tho  toloacopo  is  in  iho  poBflORston  of 
McGill  Collogo ;  It  has  a  focal  length  of  ii'l  inclion,  and  was  providou  with  a  first 
Barfaoo  rofloctin/i?  prism,  an  Airy  oyo-pioco  of  power  KJO,  and  a  neutral  tint  wodgo, 
the  eye-piece  and  prinm  wore  made  oHpocially  for  this  obnorvation  by  Mr.  Gandlach, 
of  RochoHter,  N.  Y..  and  tho  wodgo  in  one  purchased  by  you,  being  Himilar  to  thoHo 
used  in  iho  liritinh  ObhorvatorioH.  The  toloMcopo  lias  a  slow  motion  worm  gearing 
with  handles  for  both  altitudoH  and  azimuth.  The  mounting  in  very  steady.  Tho 
tripod  was  unconnootod  with  tho  floor  of  tho  sholtor  and  roHted  directly  on  thogroand. 
A  rough  adjustable  seat  was  made  at  tho  station.  Tho  following  will  indicate  tho 
optical  performance  of  tho  toloscope  : 

1.  The  disc  of  a  bright  star  out  of  focus  is  round,  but  has  a  somewhat  jaggy 
edge.  There  is  tho  usual  chan^fo  of  colors  as  tho  oyo-pioco  is  pulled  out,  namely, — from 
greenish  to  a  green  centre  ijordored  by  purple,  and  beyond  focus  a  purple  centre 
bordered  by  green  changing  as  it  is  pullod  still  further  out  to  a  uniformly  light 
purple  disc. 

2.  On  a  night  of  not  vory  good  definition  and  full  moonlight  a  Cassiopoco  was  easily 
seen  double. 

3.  The  rice-grains  on  the  sun  on  the  day  of  tho  trap;jit  wore  just  visible  with 
the  thin  edge  of  the  wedge. 

The  transit  instrument  belongs  to  tho  Observatory,  Quebec.  It  has  a  clear  aper- 
ture of  1|  inches.  It  was  mounted  on  a  brick  pier,  two  feet  by  two  feet,  capped  with 
stone  and  built  from  a  depth  of  six  feet  below  the  surface  of  the  ground. 

The  chronometer  6(M  is  tho  property  of  the  McGill  College  Observatory ;  it 
was  repaired  and  cleaned  by  tho  Messrs.  Bond,  of  Boston,  for  use  on  this  expedition. 
The  chronometer  652  is  tho  property  of  tho  British  Admiralty,  being  loaned  for 
the  purposes  of  the  transit  of  Venus  Observations  in  Canada. 

The  instrument  shelter  was  ton  feet  by  fourteen,  and  was  divided  into  two 
compartments.  The  roof  was  flat  and  sloped  towards  the  south ;  it  was  made  in 
part ;  moveable  in  the  telescope  room,  giving  an  uninterrupted  view  of  the  sun  dur- 
ing the  time  of  the  transit. 

The  transit  room  was  provided  with  the  usual  opening.  A  photograph  of  tho 
station  is  presented  herewith. 

On  unpacking  the  transit  instrument,  the  striding  level  was  found  to  have  been 
broken.  Two  levels  were  at  once  forwarded  to  me  from  Montreal,  one  of  which 
reached  me  unbroken.  Previous  to  its  arrival  I  was  fortunate  enough  to  meet  Mr. 
Drummond,  D.L.S.,  in  Winnipeg,  and  to  obtain  from  him  a  small  striding  level  made 
by  Messrs.  Troughton  &  Simms.  This  level  on  being  attached  to  the  broken  one  by 
wooden  clamps  served  to  determine  the  inclination  of  the  axis  within  small  range. 
The  value  of  one  division  of  this  bubble  was  found  to  be  three  and  nine-tenths  seconds 
of  arc  (3.9").  Owing  to  the  shortness  of  tho  bubble  the  transit  had  to  be  levelled  at 
the  beginning  of  each  evening's  work.  The  value  of  one  division  (one-sixteenth  of 
an  inch)  of  the  Montreal  bubble  was  (2.4")  two  and  four-tenth  seconds  of  arc. 

On  the  2'7th  November  tho  transit  instrument  was  roughly  got  into  position,  and 
on  this  and  the  following  night  a  number  of, star  transits  for  wire  intervals  were 
obtained.  These  with  the  resulting  equatorial  intervals  are  given  in  a  table  attached 
hereto.  While  the  number  of  stars  observed  is  much  too  few  to  obtain  permanent 
intervals  from,  I  consider  the  intervals  obtained  to  be  sufficiently  near  tha  truth  for 
the  purpose  in  view. 

The  first  observations  for  time  were  made  on  November  29th,  the  Drummond 
level  being  used.  The  errors  of  the  chronometers  for  this  and  subsequent  determina- 
Uohb  are  given  in  a  table  appended  hereto.     Qloudy  weather  prevented  farther 
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otMervations  until  Becembo- 4th.  when  time  was  carefully  determined.  Tables  are 
riven  herewith  showing  detailH  of  timo  dotorminationH  0!>  December  4th,  6th  and  7th. 
^n  December  6th  ft  Rolur  in  nddition  to  sidorial  obHorvHtions  was  obtained. 

Through  the  courtoHy  of  the  Great  North  Wostorn  Tolograpli  Company  and  Mr. 
IfcDougull,  Manager  of  the  Winnipeg  office,  the  line  from  Winnipeg  to  Selkirk  was 
cut  and  passed  through  our  observing  station.  TIiIh  gave  ('onnoction  with  tho  Dear- 
born Observatory  at  Chicago  through  relays  at  Chicago  and  St.  r'aul's. 

Time  Sionals  vor  Lonqitudk. 

The  signals  received  wore  those  of  tho  clock  at  tho  Dearborn  Observatory.  This 
dock  cloHOs  the  circuit  tti  intorval-*  of  two  seconds  up  totbo5.'nil  second  for  each 
minato,  except  before  every  5tb  minute  when  the  lust  contact  is  made  ut  the  4Uth 
Mcond. 

December  4th,  p.m.,  signals  wore  received  during  12  minutes:  — 

7h.  22m.  18'36seo.  on  chronometer,    662  =  8b.    Om.  OOsec.  on  Dearborn  clock. 

21*3  chronometer  fast  00 

Th,  21m.  St'OSsoc.  meantime  at  Winnipeg  =  8h.    Om.  OOsec.  Chicago  M.T. 
Observed  difference  in  time  Oh.  38m.  02.95sec. 
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December  6th,  p.m.,  signals  wore  received  during  3  minutes: — 

7h*  32m.  lY'Tsoc.  on  chronometer  652  =  8h.  lOm.    O-Osec.  on  Dearborn  clock. 

20'1  chronometer  fast  0*1  clock  fast. 

Th.  31ra.  676  sec.  Winnipeg  mean  time  =  8h.    9ra.  69*9  Chicago  M.T. 
Observed  difference  in  time  8h.  38m.  02-3pec. 
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^  Mean  of  differences  on  December  4th  and  5th Oh.  38m.  02'62sec. 

Allowance  for  armature  and  current  time 0'12 

Reduced  diiferenco  in  time Oh.  38m.  02-74seo. 

Longitude  of  Dearborn  Observatory 6h.  60m.  26-78sec. 

"  Winnipeg  station 6h.  28m.  29'62sec. 

Time  signals  were  also  received  and  sent  on  tho  night  of  December  8th,  but  as 
no  time  observation  was  made  subsequent  to  the  7th,  and  the  rate  of  the  standard 
chronometer  was  not  very  well  determined,  I  do  not  consider  that  a  reliable  difference 
of  time  can  be  obtained  from  the  exchange.  This  was  tho  only  night  on  which  my 
signals  were  received  at  the  Deai  l)orn  Ohservatory.  My  signals  were  sent  by  hand 
And  received  on  a  chronograph.  Tho  difference  of  timo  thus  recorded  as  given  to  me 
bv  Professor  Hough  is  precisely  the  same— to  a  tenth  of  a  second — as  the  diflferonce 
observed  by  me.  These  times  should  differ  by  twice  the  armature  and  current  timo. 
The  error  is  no  doubt  almost  entirely  due  to  ray  imperfect  sending,  which  besides 
being  by  hand  was  not  otherwise  under  favorable  circumstances.  The  signals 
received  could  be  compared  with  the  chronometer  to  the  nearest  tenth  of  a  second 
with  ease.  On  account  of  these  circumstances,  I  have  thought  that  greater  accuracy 
oonld  be  obtained  by  making  the  difference  of  longitude  depend  on  differences  obtained 
in  one  direction  only ;  adding  an  armature  and  current  time  as  above. 

As  will  be  observed  on  reference  to  tho  table  giving  chronometer  errors,  a  time 
determination  was  made  on  December  4th  ;  this  was  immediately  after  the  exchange 
of  time  signals.  On  December  5th,  there  was  no  observation  but  time  was  well 
determined  on  the  6th. 

It  might  be  proper  to  give  greater  weight  to  the  difference  in  longitude  obtained 
on  the  ni^t  of  the  4th.  But  this  refinement  seems,  under  the  circumstances,  to  be 
nseless.  No  attempt  was  made  to  determine  a  personal  equation  between  Professor 
Hoogh  and  myseUT 
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The  great  difficulty  oxperienood  in  the  ninnin^  of  ohronomotora,  referred  to 
elsewhere,  made  it  ([uite  impossible  to  obtain  a  vory  iiocurate  determination  of  longi- 
tude.   I  consider  the  above  result  to  bo  within  one  Hooond  of  the  truth. 

It  may  bo  proper  to  add  that  the  longitude  of  the  station  as  taken  from  the  map 
of  the  (Jovornmunt  Lands  Survey  is  6  h.  28  m.  290  hoc. 

Advantage  was  taken  of  ovory  clear  day  to  practice  with  the  telescope,  making 
record  of  timoH  aH  if  the  trannit  of  Venus  wore  actually  taking  place. 

The  method  of  recording  times,  which  was  adopted,  wuh  as  followH  :— Mr.  Payne 
called  out  the  seconds  from  0  to  60  and  made  a  record  of  each  minute  ui  it  passed. 
"When  I  called  "  now  "  lie  wrote  the  correstwnding  Hocond — to  the  noaroMt  hal*' second 
— in  a  column  oppoHito  to  the  minute  previously  recorded.  Having  mado  this  entry 
he  continued  countins^  until  another  signal  was  given.  After  the  second  signal  time 
was  recorded,  Mr.  Payno  wrote  from  my  dictation  what  was  supposed  to  have  been 
observed. 

This  method  wus  strictly  adhered  to  during  the  actual  observation,  and  a  short 
statement  of  what  was  observed  was  written  immediately  after  each  contact. 

On  the  morning  of  December  fith,  the  sun  was  obscured  by  cloud  and  snowdrift 
until  after  9  o'clock.  When  the  sun  had  risen  above  the  cloud  and  snowbanks  it 
remained  visible  uniil  it  had  again  sunk  behind  them  in  the  afternoon.  The  tempe- 
rature during  the  time  of  the  observation  of  contact  was  18°  below  zero,  Faht.,  and 
the  velocity  of  the  wind  was  24  miles  per  hour. 

On  reaching  the  station  shortly  before  11  a.m.,  and  directing  the  telescope  on 
the  sun  it  was  found  to  shako  so  violently  as  to  make  it  impoHHiblo  to  keep  the  sun 
in  view.  We  immediately  set  to  work  to  screen  the  telescope  from  the  wind.  After 
moving  it  back  so  that  it  stood  entirely  within  the  shelter,  we  covered  the  roof  open- 
ing with  the  excei)tion  of  a  hole  about  one  foot  square,  through  which  the  sun  could 
be  seen  for  some  time  before  and  after  contact  at  egress.  The  telescope  was  then 
found  to  be  perfectly  steady.  All  arrangements  were  completed  and  the  telescope 
directed  on  the  sun  at  shortly  before  1  o'clock,  from  which  time  until  after  the  third 
contact  Venus  was  kept  in  the  field  of  the  telescope,  principally  by  Mr.  Payne,  as  I 
wished  to  rest  my  eyes  as  much  as  possible  before  making  the  observation. 

Observations  op  3rd  and  4th  Coniaots. 

Time  record  from  Murray  chronometer  No.  662.     At  shortly  after  1  h.  19  m. 
Mr.  Payne  began  counting  seconds.    The  following  is  an  exact  copy  of  the  records : — 
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Klce-z^rains  junt  visible  at  third  contact,  illumination  poor.    Extreme  thin  end 

of  wcdgu  iiHod  K'viiig  too  durk  a  Hold,  but  sun  vury  much  too  bright  to  bo  obaervod 
without  tlio  wudgu.  ThiH  applios  more  particularly  to  the  fourth  contact.  At  times 
nonr  the  third  coiitiict  tliu  illuniinntion  wum  nearly  aH  bright  as  1  doNirod,  but  con- 
gidoritig  the  obnorvution  as  a  whole  tho  tirld  waM  too  dark.  I  sh(»uld  rtay  that  the 
lime  of  actual  inlurnul  contact — tho  flrHt  uppcuranco  of  any  well  marked  and  perHiHt- 
enl  diHcontinuity  in  tliu  illumination  of  the  sun  near  tlio  point  of  contact — was  oon- 
fiiderubly  nearer  Iho  fn-Ht  time,  1  h.  21  m.  55  sec.  uncorrected,  than  tho  laHt,  lb.  22  m. 
11  HOC.  Tho  time  I  would  wirih  to  bo  taken  aH  the  moment  of  contact  bh  above 
defined  Ih  1  h.  22  m.  on  chroiiomolcr,  wliich  wuh  at  tho  time  of  t>io  obHervation  dO'6  sec. 
fuHt,  making  the  actual  local  time  oi  contact  Ih.  20m.  69'4  sec. 

At  1  h.  42  m.  130  HOC.  equal  1  h.  41  m.  12-4  see.,  local  time,  there  was  the  slight- 
•Ht  poHHJblo  anpourunco  of  a  gap  in  tlio  limb  of  the  nun.  JuHt  then  the  illumination 
bocumo  vwy  Wl,  and  my  oyu  Leing  rather  tired,  1  lost  sight  of  the  pc>int  of  contact. 

1  bavo  preferred  to  give  my  notoH  as  niado  during  tho  progress  of  the  observa- 
iionsand  immo<iiatoly  after  them,  rather  than  what  might  perhaps  better  express  my 
ineaniog,  written  at  this  time. 

I  dosire,  however,  to  make  the  following  additions  to  thoHo  iiotos  :  Definition  was 
'fairly  good,  there  being  little  or  no  boiling  on  tho  limb  of  tho  nun.  My  remarks  as 
to  illumination  wore  written  immediately  after  the  fourth  contact,  and  were  made 
■with  the  then  condition  of  tho  atmosplioro  on  my  mind,  and  wore  undoubtedly 
intended  to  refer  to  that  time  only.  TIiono  remarks  are,  however,  correctly  qualified 
in  what  followH  them.  The  important  point  is  that  at  third  contact  the  seeing  was 
sufficiently  good  to  leave  no  do  bt  whatever  as  to  what  I  saw.  There  was  no  clack 
drop  but  nioroly  a  haze  or  smoky  darknoHH  which  gradually  increased  to  complete 
blackness.  There  wuh  no  hazo  at  1  h.  21  m.  55  hoc,  chronometer  time,  but  it  was  the 
last  instant  at  which  1  could  definitely  say  thore  was  no  appearance  oi  a  haze.  I 
waited  rather  too  long  before  giving  tho  second  Hignal  at  1  h.  22  m.  il  sec,  chronome- 
«ter  time,  and  for  this  reason  made  the  note  attached  thereto. 

The  time  I  have  indicated  as  what  I  would  desire  to  be  taken  as  the  time  uf  third 
contact  mwit  be  very  near  the  truth. 

I  stopped  observing  at  1  h.  24m.,  and  did  not  recommence  until  1  h.  39  m. 

The  word  approximate  following  the  remark  opposite  to  1  h.  42  m.  13  sec.  does 
not  estprees  what  was  intended.  At  that  time  the  gap  was  seen,  but  it  was  not  seen 
afterwards.  Had  I  continued  to  see  it  I  do  not  think  that  any  appearance  of  "  gap  " 
would  have  been  visible  for  more  than  five  seconds  after  the  recorded  time.  1  am 
able  to  judge  of  this  somewhat  closely  from  my  model  practice. 

The  minutes  entered  in  the  record  preceding  and  following  times  of  contact  are 
the  minutes  during  which  counting  was  continued.  After  both  internal  and  external 
contacts  I  verified  Mr.  Payne's  counting  by  looking  at  the  chronometer  and  his  record 
while  he  still  continued  to  count  seconds. 


I  am  your  obedient  servant. 


(Signed), 


C.  H.  MqLBOD, 


pprozimate. 
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COMPARISONS  OF  ERRORS  OF  CHRONOMETERS. 

MUURAY  652,  and  TOBIAS  604,   at   WINNIPEG. 
(Bishop's  Court,  St.  John's  College.) 


Day. 

Hour. 
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Krron. 
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Flint  of 
0S2. 

Hlowof 
<»2. 

(M>l 

602 

Nov.a2 

H  p.in. 

885 

*     38 

II 

36.H 

"     84 

«     !» 

••     26 

11 
II 

II 

lUi.3 
31.3 
29.3 

Up  to  8  p.m.  on  the  a7tli  both  ohrono- 
mptern  wurn  In  n  room,  moan  tent peru- 
tiirt)  about  6!f  with  a  ranKo  of  perbapi 

at'. 

"     87 

"     28 

II     II 

II 
II 

12  m. 

2H  1) 
21.4 
22  ■» 

U(M  In  trnnNll  hoiiwe  on  27tli  from  8  to 

10  p.m. 
604  In  transit  houHS  on  2Stb  from  H  to 

12  p.m. 

II     2D 

9  a.m. 

W  4 

II      u  ^ 

8  p.m. 

•J2.0 

064  In  tranilt  houiu ;  t«mp.       11". 

11     II 

12  III. 

18. ;i 

+0.1 

+24.4 

Errors  from  obnervatlon. 

"    30 

t)  u.m. 

17. S 

+24.1 

Error  from  rate. 

II     II 

10  p.m. 

16.3 

Deo.  1 

»  a.m. 

16. K 

+28.6 

II      II      11 

II    II  _ 
II     II 

5p.ra. 
7    " 

15.3 
17.2(7) 

601  In  transit  houae(from  6  to  7  p.m., 

lomp. -5". 
17-2  probably  a  mistake  for  7-2. 

"     " 

M        II 

8    " 
10    " 

7.5 
•1.0 

664  In  transit  house  at  temp.  —8". 

••    a 

9  a.m. 

3.3 

+229 

Error  from  rate. 

M       II 

M       " 

M       M 

11.30" 
2  p.m. 
8    " 

8.2 
3.0 
2.8 

Owing  to  unsteady  ranning  of  664  on 
exposure,  It  was  decided  to  nie  It  here- 
after rui  the  standard,  and  663  tot  tran- 
sit work. 

••       8 

9  a.m. 

1.2 

+21.1 

+22.8 

Errors  from  rate. 

U       li 

9  p.m. 

0.7 

"     4 

8  a.m. 

0.6 

+22.2 

+21.7 

"     " 

6.80  p.m. 

1.1 

)6S2  exposed  during    transit  work   to 

temp.  0°. 
)  Errors  from  observation. 

II     II  ^^ 

11  p.m. 

1.5 

+22.6 

+21.3 

*•      5 

9  a.m. 

l.H 

I«           II 

II           41 

10    " 
1  p.m. 

2.2 
2.3 

652  In  transit  bouse,  temp.  8"  below  zero. 

II           11 

It          41 

«   " 

11     '• 

2t> 

■12.  H 

+22.7 

+20.1 

1  f&2  In  transit  house.temp.  11"  below  zero. 
■  Jump  forward  ocourred  after  receiving 
(.'lilcKgo  time,  probably  in  carrying 
J     chronometer  home. 

"      6 

44           44 



7  a.rn. 

((     " 

11  8 

42  2 

652  at  observing  station ;  temp.  11»  b«* 
(    low  zera 

Sol 


f 


!•;;'!« 


1  V 

1 

m 

1 

21 

OMETBRS. 

COMPARISON  AND  ERROR  OP  OHRONOMBTISaS. 

KG. 

Mdrrav  8R2  ANi>  ToiiiAH  tfrt4,  at  VVinnipku  (iSt.  Joirw'H  Coi.leob). 

rAHUk 


!•  27111  both  ohrono- 
room,  moan  tempent- 
"  »  •■•'••fo  of  pvrbapi 


"  on  a7th  rroin  g  to 
»  on  2Kth  ft-om  «  to 


;  temp.      ii<». 
atlon. 


B  ift-om  6  to  7  p.in., 
ake  for  7-2. 

*t  temp,  —2", 


" 

Uour. 

IM 

Errorn 
+  fait ;    -  nIow. 

*"*" 

^ 

Knat  of 

Slow  or 

)HII 

ttW 

ItRMAHKI. 

Bm.  fl 

11  ».m. 

Ncx)u 

2.40  p.m. 

4  to  p.m. 

H.i".  p.m. 

41  H 

87  H 
87  4 
37,8 

4-227 

-♦«)7 
+tlit  r> 
+«)  1 

(Wi  taken  t«i  oliNorTing  wtAtloa  ,  temp.  IS* 

II 

•• 

ImiIow  «i'ro. 
Molar  olmorvatlon. 

!■  roni  oomparlNon  with  itandard. 

likUtruntilt  work;  t<imp.  20"  Itelow  r.ern. 

(t 

■A. 

)  KrroM  from  ulilurlul  ohiwryatlon*. 

cB 


Aftor  10  p.m.  Docombur  IhI,  Ctd-i  romiiiiiocl  in  tbo  ruom  tirHtmontioned  (tho 
diriiiig  room  nt  J{iHli()])'ri  Court,  8t.  John'H  Collugo). 

Tho  (thango  in  ^oinjf  of  ohronomoterM  on  oxpoHure  to  Hovere  oold,  aH  obHcrved 
horo,  iH  not  govoi'iiud  by  any  rule.  Tho  obHurving  Htation  wuh  Hituuted  at  a  con- 
tideiablo  diHtancu  (10  minutes  walk)  from  Biultop'H  Court. 

TIME  OBSERVATIONS. 

Tho  following  tabloH  givo  (lotaiis  of  timo  obHorvatlonH  mado  on  December  4th, 
6th  and  7th.     I  regret  that  the  lOHults  are  ho  dJHcordiint,  but  with    tho  very  orratio 

Soing  of  chronoinoturH,  ugainHt  which  1  hud  to  oontond,  it  wau  uimply  impossible  to 
o  nice  work. 

The  chronometer  used  for  observing  was  652.     It  was  selected  at  tho  Toronto 
Observatory  f'-om  a  number  of  chronometerH  m  the  one  vtrhioh  had  tho  otoad lost  rate, 
Tho  stars  observed  are  from  the  American  Epheraeris. 


^M^'.°«  or  m  on 

Med  to  uae  It  here- 
d.andesa/iortrAn- 


tranilt  work  to 
Ion. 


inp.8*  below  sero. 

»P- 11"  below  zero, 
a  after  reoelvlns 
■Dly  In  carrying 

>n ;  temp.  ii»  be* 


i 


•.y>  % 


Ba 


A.\ 


■iliir. 


TRANSIT  OBSERVATIONS. 

Latitude  49°  55'  N.,  Longitodo  6  h.  28  m.  29.6  sec.  West. 


Date. 

1882. 


Btar. 


6 

i 

1 

c5 

d 

5 

1 

a 

^      Observed 
C    Mean  time 
of  Traasit 
by  Chro. 
652. 


Moan  time 
of  Stars. 

Passage. 


Instrum.  Errors 
oorreoled  lor 


« 


Deo.  <!.. 


>>  Urasa  MaJ 
a  Draoo.tti 
4  Draco.  . . . 
/3  ArletlB... 
itPlsolum.. 
0  risclura.. 
fl'Cetl  

/SUrMln... 
SUrMln... 
aPersel.... 

aCeti 

yCetL. 

SPerael.... 
iiTaarl 


N.  4l>»  M' 

L 

5 

N.W66' 

L 

6 

N.  78"  15' 

li 

2 

N.  20'14' 

U 

6 

N.  11"  45' 

tl 

5 

N.   8fM' 

II 

6 

.    Sf  47' 

It 

5 

N.  74»  .38' 

li 

4 

N.  76"  13' 

L 

8 

N.  49"  27' 

a 

3 

N.   3"  38' 

II 

3 

N.   a*  44' 

II 

6 

N.  47«  26' 

II 

8 

N.  28"  24' 

II 

6 

8,  47,  40.64 

9.  06, 00.64 
7, 11,  41.60 
8,  58,  11.08 
8,  30, 17.22 
8,  44,  14.74 
8,  !^,  14.98 


9, 55,  85.10 

9,  32, 20  64 

10,  20,  47.80 

10, 00, 59  46 

9, 42,  07.6G 


10,  39, 2L46 
10,  45, 14.88 


8,47,86.58 
9, 06, 49.70 
7, 11, 36.90 
H,  52, 53.68 
8,  29, 59.95 
8,  43,  57.21 
8,  22,  57.95 


9, 55, 28.88 

9, 32, 16.04 

10,  20,  28.30 

10,  00,  41.70 

9, 41,  49.20 


10,  39,  02.65 
10,  44, 60.80 


4- see. 
13.11 

10.94 

4.70 

18.05 

17.27 

17.53 

17.03 


6.22 

4. GO 

10.60 

17.76 

18.88 


18.81 
17.68 


t'Seo. 
3.06 

10.67 

4.22 

18.83 

17.45 

17.73 

17.14 

Mean 

5  07 

3.45 

20.60 

18.16 

18.70 

Mean 

20.3 
18.5 


a 
I 

< 


Remarks. 


21.09 
20.57 
21.19 
21.61 


21.11 


20.6 
21.9 
22.4 


21.6^ 


20.6 
21.0 


2nd  Bet.  Mean   -     20.8 


The    Inoll- 
natlon  of 
axis  was 
observed 
aa       fol- 
lows :— 
8p.in.=W. 
+0.16  see; 
10.16p.m.^ 
0.  W.  +  0.62 
■ea  ;  10.45 
pro.  =  W. 
+  0.62  sec. 
The   cor- 
rection for 
Inequality 
of     pivots 
is     Includ- 
ed   in    t)te 
above  level 
to  errors  :— 

»      Itl8W.+ 

fi  '16  sec.  for 
e,lamp  east. 

S 


3 


Mean  Chro.  error,  lamp  east  is  +  21.11 

«  «  "    west  is  +  21.63 

Chro.  652,  fast  -f  21.37 

COMBINATIONS  FOR  AZIMUTH. 


Lamp  Bast. 

yj  TJrsse  Majoris  and  J3  Arietis  =  5.27. 
a  Draconis  and  yj  Piscium        =  4.4. 
a  Draconis  and  o  Piscium         =  4.74. 
4  Draconis  and  $'  Ceti  =4.31. 

Mean    =  4.63. 


Lamp  Wbst. 
Ij  Urs8B  Minoris  and  y  Ceti 
5  Ursse  Minoris  and  a  Ceti 

Mean 


=  5.75. 
=  5.5. 
=  5.62, 


Bail 


MB. 


m 


Meap  of  Lamp  W.  and  Lamp  B.  =;  -f  5.16. 


K^^viHiii- 


^MMm 


iliiirmtriiir 


mm 


hllii 


^» 


West. 


Grrors 
d/or 


21.61 

21.11 


The  inoii. 
nation  of 
"«•  was 
observed 
ft?  rol. 
Iowa:— 

+0.18  BeJ: 

•wo- ;  io.« 
P  m.  =  w 
+  0.62  W 
^n«   cor- 
rection for 
inequality 

i«     Inolud- 
«d    In    the 
,  .  above  level 
to  errors  :— 

50.8  r  1  *  *'^-  '*>r 
a,  lamp  east. 

a.9  e 

2.4  '^ 


i.e 

>.6 

.8 


Time  Ifeterminations  Trom  Transit  Observation^ 

at  Winnipeg ;  Latitude  49"  55' N. ;  Longitu>le  Gh.  28m.  '.'9.5  sec.  W. 


Remarks.       Bate. 


Star. 


A  DraconlR.. 
1)  Draco  (H). 
O.a  4,163... 

0  Cepb»l..., 

1  Oepbel .... 
•Andromedae 

Markab.... 
«  PlBolum. 
(  PiMlum  . 
Fomaltaaut .. 

4  Draco  (H)  . 

322  Camelop 

(H) 

a  OassicpecB. 

P  Andromedee 

c  Plscium^.  ■ 

^  Cetl 


y  PlBoiam... 
»'Cetl , 


a 


N.  69°  ,■)«' 
N.  76"  IP' 
N.  78"  46' 

N.  ar'w 

N.  66°  35' 
N.  2^''  27' 
N.  14''  35' 
N.  6M3' 
N.  5"  0' 
8.  80"  16' 

N.  71"  16' 
N.  S4*'  02' 
N.  86"  64' 
N.  36"  0' 
N.  7  15' 
8.  18"  88' 

N.  14"  45' 
8.    8»  47' 


U 


U 


1^ 


Moan  timo 
ofHtai-ii. 

PnsRage. 


6,20,38.57 

5,  22,  :W  25 

6,  40,  21.04 
6,  ll,t>5.9'2 
5,  42, 61.311 
6,,5ft,  2«4« 

5,  5«,  13.70 

6,  50,  27.39 

6,  31,  ''8.18 
5,  48,  29.70 

;,  OS,  45.:« 

7,  45, 0'i.34 
7, 30, 66.28 

8,  00, 09.56 
7,  58, 51..S9 

7,  34,  41.97 

8,  22,  06.10 
8,  15, 16.12 


t4 

V 

Obnerved     «  2  c 

'I  iniit  i.aP 
o(TrBt;sU  |  gs£ 
on  Ohr".     a  P'ai 

u 


No.  652. ' 


6,  21,3  i  72 
5,23,21.60 
«,  47,  23.00 
6, 12,  08.50 
5, 43, 63.64 

7.  00,  28.4H 
"),  67. 13.20 
6,51,26.80 
6, 82,  03.08 
5,49,28.08 

7,04,47.a'> 
7,  46,  06.74 
7, 31, 54.54 
8,01,08.06 
7,54,50.17 

7,  35,  «.34 

8,  28,  06.86 
8, 16,  04.97 


-f-  sec, 
57.15 

53.25 

62.86 

62.58 

62.31 

60.00 

50.41 

59.41 

.">9.90 

58.38 

61.72 
60.10 
68.31 
58.50 
58.78 
59.87 

58.76 

58.8S 


Corrected  for 
error  of 


3 


56.61 

52.85 

64.18 

63.38 

62.87 

60.40 

50.62 

59.70 

60.17 

58.48 

Mean 

61.72 

5I».90 

58.07 

58.73 

58.90 

58.37 

Mean 

59.02 

59.02 


OS 
h  eg 


Error  of  Ohro.- 


61.20  4-50.00 
2 


Remarks. 


e-i 


61.32 
60.94 
61.24 
61.78 
60.74 


61.2 
(sero.) 


68.73 
58.90 
50.87 


59.00 


Inclination 
of  axis  ob- 
served lis 
follows:  ■5h. 
a»m.  ^W  4- 
•16  sec. ;  6h. 
•36mlu.  =  VV 
4-40. 
Golnj?  of 
«^Chro.proba- 

ably  not  very 
steady,     al- 
atbongii     Its 
g  total  cbatiice 
Adurlnt;     cx- 
-iposure.from 
standard 
Chro.      was 
only  1 10  of  a 
second . 
Note— Posi- 
tion of    In- 
strument In 
rt  z  1  !n  u  t  h 
^^wasohariK'd 
von     5th     at 
^aboul7p.m. 

da 

d  Inclination 
aof  axis  ob- 
>J  served       as 

follows:  7h. 

•l5m.=W  — 

•15  sec. ;  81i . 

15ni.=  W  -J- 


H 


60-1 


'15  sec.     No 


-deviation  in 

qa  z 1 m  u  t  h 

5  here. 

,3  Instrument 
prob  >ib  I  y 
disturbed 
on  reversal. 


5.76. 
=  5.5. 

-  5.62, 


In  first  set  on  combining  for  azimath  as  follows : — 

I  Cephei  and  Fomalhaut  =  2.5  ;  o  Cephei  and  l  Piscium  =  21;  Groombridge 
4163  and  (o  Piscium  =  2.1  ;  9  Draconis  and  Markab=  2.4 ;  a  Draconis  a  AndromedA 
=1.8. 

2.5  +  2.1  +  2.1  +  2.4  +  1.8    _  ^^ 

5 

The  mean  azimnthal  deviation  to  be  obtained  from  the  2nd  set  is  abont  "  Nil." 
The  collimation  error  obtained  by  reversal  on  two  stars  (on  the  4th)  was  only 

4- '05  see.    The  3rd  set  of  observations  being  compared  with  the  saOond  (above) 

shows  this  correotion  to  be  still  very  small. 


'.  I  P'' 


'^-■i-^ssar- 


."  aw 


}  ^ 
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Time  Determlnatidh  from  Transit  Observation^  at  Winnipeg. 

Latitude  49°  58'  N. ;  Longitude  6  h.  28  m.  29.5  sec.  W. 


1 


Date. 
1882. 

Star. 

Dec  7. 

p  Ursre  Mln. . 

48  Cepbel  (H) 

t  Persel 

fPersel 

^Arletls 

aCetl 

c  Erldani.... 

«  Ursse  Mln. . 

aCamelop... 

a  AorlKse 

t  AnrlKffi 

flTaorl 

tTaurl 

Declina- 
tion. 


N.  74°  38' 
N.  77"  18' 
N.  47--  25' 
N.  31°  32' 
N.  20'  37' 
N.  3°  37' 
8.    9<>6V 

N,  82»  14' 
N.  6«-'  08' 
N.  45"  52' 
N.  32<'  5»' 
N.  28"  80' 
N.  18<»  55' 


Mean  time 
of  Htars. 

Passage. 


9,  43,  41.2fi 
9,  58,  19.74 
10,27,14.91 
10,39,23.17 
10,00,53.06 
9,48,53.07 
10,20,04.12 

11,50,10.40 
11,34,65.07 
12,  00, 26.47 
11,41,48.77 
12, 11, 15.06 
11,14,17.59 


Observed 
Time  of 
Transit. 
Cliro.  652. 


0,44,39.20 
9,59,13.47 
10,  28,  10.40 
10,  40, 19. 06 
10,  01,  4U. 27 
9,49,50.16 
10,21,00.74 


6 

q 

>s 
la 

o 


-t-sec, 
57.91 

.53.73 

55.50 

55.89 

56.21 

5119 

56.62 


11,51,14.40  64.00  61.25  62.40i 
11,  as,  49.74  54.67  55.47  56..S0 
12,01,22.16  55.69  58.67  87.87 
11,42,44.48  55.71  58.20  57.28 
12.12,10.62  55.56  56.44  97.68 
11, 16, 13.46  I  65.87  55.92  56.82 
Mean  • 
At  9  p.m.  Error  of  Cbro. 


Chronom.  error 

oorreoted  for 

error  of 


> 

3 

H 

55.00 

55.80 

58.53 

68.98 

66.74 

67.34 

,56.. W 

.57.22 

57.31 

57.71 

57.15 

57.48 

57.08 

57.60 

a 

a 

< 


Mean     - 


57.22 
67.71 
67.48 
67.60 
S7.60 


87.28 
67.68 
56.82 


67.26 
67.38 


Remark!, 


Inclination  of 
axis  observed 
as  follows.— 

h.m. 

9  40  ='W1.60seo. 
1046  =W+0-66 

ChTO.  rate  as 
^  deduced  from 
S  comparison  be- 
Cij  fore  and  after 
o,  exposure  —0.4 
d  sec.  per  hotir. 
«  RedncedtoOpm 
•^  beginning  of 
exposure. 

Inclination  of 
axis  observed 
as  follows  :— 

h.m. 

1116  ^W+0.16seo 

1216  =W+0.88. 

*i 

on 

^  There  is  no  ap- 
p^precjable     azi- 


c'muth  deviation 
Sin  either  po- 
^sition. 


If 


SOLAE  TEANSIT,  6th  DECEMBER,  1882. 


Declination. 

Observed  Time. 

Passage. 

Ist  Limb. 

Observed  Time. 
Passage. 
2nd  Umb. 

Chronometer 
reading  for 
Transit  of 

Sun's  centre. 

Mean  time 
of  Sun's 
passage. 

Observed 

Chronom. 

error. 

Chronometer 

error  corrected 

for  aEimnth 

■f  2.2  sees. 

a22«84' 

XI,  61, 09.08 

11,53,31.06 

IL  62, 20.62 

11,.  I 

68.49 

60.70 

The  azimuthal  deviation  used  to  reduce  solar  observation  is  that  obtained  from 
observations  on  the  night  of  the  6th  before  reversal.  As  the  collimation  error  is 
very  small  and  the  level  correction  (error  was  not  observed  through  inadvertence, 
but  the  temperature  of  the  air  being  neai-ly  the  same  as  at  5  p.m.,  when  W.  was  —  'IB, 
it  could  not  be  great)  in  this  position  necessarily  small,  this  result  does  not  appear  to 
be  more  than  a  small  fraction  of  a  second  in  error. 


L 


¥' 


•■W'*-'^ 


25 

Df termination  of  Equatorial  Intervals  of  Wires  in 

Transit  Instrument. 

TROUGIITON  AND  SIMMS,  Makers, 

Focal  Length,  24  inchos.     Clear  Aportiiro,  one  nnd  three-quartor  incheH. 


Datr, 

1«82. 


Star. 


Nov.  27th.    38  Canslopefte... . 

"      i  t  CasRlopeao 

I 
"      '  50  CaHSlopeae,.. . 

28th.    aCygnl 

"         a  Cephel 

"         a  frsoj  Majorls.. 


29th 


9  RootlS. 


fi  Ursao  Min... 

S  Persel 

5  Ursae  MIn... 
i  Ursae  Mln... 


OIiKcrvid  rntfi-vals. 


+ 
S6  2(1 

76.70 

96.74 

42.28 

04.36 

64.86 

4H.90 

113.70 

4J-21 

128.30 

146.70 


2 

3 

4 

-t- 

4.'i.f.<> 
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